A 74-year-old man with a left-ventricular assist device (LVAD) as destination therapy for end-stage ischemic cardiomyopathy presented with acute upper gastrointestinal bleeding. Other symptoms included chronic early satiety, intermittent nausea, and non-specific abdominal discomfort since LVAD implantation 3 years ago. An actively bleeding duodenal arteriovenous malformation was successfully treated with endoscopic coagulation. There was also evidence of moderate external compression of the anterior gastric wall from the LVAD pump with luminal narrowing in the antrum. While bleeding may be the most commonly encountered gastrointestinal manifestation in LVAD patients, other potential complications, including luminal compression by the device, should be recognized.
INTRODUCTION
Left-ventricular assist device (LVAD) implantation is an increasingly prevalent form of mechanical circulatory support as a bridge to heart transplant and as destination therapy. 1 Several studies have demonstrated improved clinical outcomes in patients with LVAD at the time of transplant compared to those without such devices. 2, 3 The most commonly reported adverse events include gastrointestinal (GI) bleeding (GIB), device malfunction, and infections. GIB can result in significant morbidity, and its incidence has been estimated to range between 18-40%. 4, 5 While GIB remains the most recognized adverse GI event, other complications from LVAD implantation have also been previously described, such as the mechanical compression of the LVAD on the anterior gastric wall, which can lead to catastrophic complications such as bleeding and perforation. 6, 7 
CASE REPORT
A 74-year-old man with end-stage ischemic cardiomyopathy and LVAD implantation with a Heartmate II TM (Thoratec, Pleasanton, CA) as destination therapy was admitted to the hospital after 4 days of melena. Esophagogastroduodenoscopy (EGD) and colonoscopy prior to LVAD showed no abnormalities. On presentation, the patient was hemodynamically stable and not in distress. The patient denied having any prior GIB events. His main symptoms included chronic early satiety, intermittent nausea, and non-specific abdominal discomfort since LVAD implantation 3 years before. Laboratories revealed a significant decrease in his baseline hemoglobin from 12 g/dL to 8.5 g/dL and an international normalized ratio 2.2. Other laboratories were significant for a chronically elevated lactate dehydrogenase 370 U/L and undetectable haptoglobin levels, both of which were unchanged from his prior routine outpatient tests. In the setting of his GIB, the patient's warfarin was withheld and he was transitioned to an intravenous heparin drip.
Post-operative chest radiograph showed the LVAD pump and outflow cannula in relation to the stomach ( Figure 1 ). EGD showed that the stomach lumen was dilated but without any food contents as the patient had nothing by mouth for at least 48 hours prior to endoscopic evaluation. There was moderate external compression of the anterior gastric wall from the LVAD pump and outflow tract with luminal narrowing in the antrum (Figure 2 ). This was associated with some mild resistance to the maneuvering of the endoscope across the pylorus and into the duodenum. A bleeding arteriovenous malformation (AVM) was found in the second portion of the duodenum (Figure 3) . Hemostasis was achieved with submucosal injection of 1 mL epinephrine (1:10,000 dilution) followed by thermal therapy (10-French Gold Probe 
DISCUSSION
LVADs are increasingly utilized for the management of patients with medically refractory heart failure as a bridge to cardiac transplantation or as a destination therapy for those who are not candidates for heart transplant. GIB is one of the most common adverse events associated with this type of device. A meta-analysis showed that the prevalence of GIB in LVAD patients was 23%, with 48% of these cases being from an upper GI source and 15% from a small bowel source. 8 The underlying etiology of GIB in LVAD patients is likely multifactorial. For one, these patients are on antiplatelet and anticoagulation agents due to the concern for thrombosis. Furthermore, unlike the physiologic pulsatility associated with cardiac contraction, the continuous flow through the LVAD pump results in a narrowed arterial pulse pressure. 9 This phenomenon predisposes to excessive cleavage of the large von Willebrand factor, which in turn has been associated with the development of AVMs and pathological bleeding. [9] [10] [11] [12] In a retrospective study of 172 patients with LVAD, AVMs were identified as the source of bleeding in 10 (32%) of the 32 patients presenting with GIB. 13 All of these patients were successfully treated with endoscopic therapy without the need for surgery. Similarly, our patient with LVAD and duodenal bleeding AVM was successfully managed with endoscopic coagulation and clip placement without complications.
LVAD implantation can also exert other potential GI effects given its close anatomical proximity to the upper GI system, particularly the anterior gastric wall. One study reported early satiety and nausea in 70% of patients (n = 27) who had undergone LVAD placement.
14 In this case series, gastric emptying rate (normal < 90 min) was prolonged in all of the patients (mean 283 min, range 106-506 min), and there was a single fatality due to aspiration pneumonia secondary to small bowel obstruction from LVAD compression.
Our patient reported similar symptoms of early satiety and intermittent nausea since the placement of the LVAD. We recognize that these symptoms are non-specific and could be due to chronic illness. It is less likely, however, that his complaints were due to his cardiac function, as this had actually improved following LVAD insertion and had remained stable for the past several years. We speculate that the patient's symptoms of early satiety and nausea coincided with LVAD implantation in the setting of endoscopic evidence of gastric luminal compression and distortion from the device. The possibility of symptomatic gastric compression from LVAD is supported by two other case reports of patients who developed gastric ulceration and subsequent perforation at the site of LVAD compression, presumably secondary to local ischemia from pressure exerted by the device on the gastric wall. 
